Assessing Land Deformation and Sea Encroachment in the Nile Delta, Egypt
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Abstract

Research Objective

Results

Persistent scatterer interferometric analyses were conducted on a 1. estimate the temporal and spatial deformation over the entire Nile
stack of 84 Envisat ASAR scenes spanning 7 years (2004 to 2010)
Delta and surroundings.
over the entire Nile Delta of Egypt and surroundings to monitor the 2. investigate the natural and anthropogenic factors controlling the
ongoing spatial and temporal land deformation, identify the factors
observed deformation through spatial correlation of the observed
controlling the deformation, and model the interplay between sea
deformation with relevant spatial datasets.
level rise and land subsidence to identify areas and populations 3. identify areas susceptible to sea encroachment by simulating (over
threatened by sea encroachment by the end of the 21st century.
the period 2010–2100) sea level rise over the northern Nile Delta.
Findings include: (1) general patterns of subsidence in the northern
delta, near-steady (none) subsidence in the southern delta,
Data
and
Methods
separated by a previously mapped flexure zone undergoing uplift;
(2) high subsidence rates over the north central and northeastern
Land Deformation Analysis
delta, possibly due to compaction of recent, thick, clay-rich
sediments; (3) high subsidence rates in areas where the highest A technique called Persistent Scatterer
groundwater extraction rates were reported in southern delta and in Interferometry (PSI), a subset of
reclaimed desert land in the western delta; (4) high subsidence rates
Interferometric Synthetic Aperture Radar
over the Abu Madi gas field, where high gas extraction rates have
been recorded; (5) using extracted deformation rates, high-resolution (InSAR), that can detect sub millimeter
TanDEM-X digital elevation model, a eustatic sea level rise of 0.4 m, ground motion rates was used to assess
and applying a bathtub inundation model, an estimated 2660 km2 in and quantify the land deformation.
Figure 3. InSAR technique description
northern delta will be inundated by year 2100.
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 The Nile Delta makes up only 2% of Egypt’s total area but holds
41% of its total population.
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 It is also Egypt’s food basket, containing more than 63% of its
cultivated lands and the majority of its fish farms.

-750

-1000
Feb-04 Jan-05 Jan-06 Dec-06 Dec-07 Nov-08 Nov-09 Oct-10

Acquisition Date
1000
1000

479

(b)

(d)

750

Problem Statement

436

750
500

Spatial Baseline (m)

500

 The Nile Delta is experiencing
land deformation (subsidence
and uplift of the landmass) due
to natural and man-made
(anthropogenic) reasons.
 The land deformation, especially
in the subsidence component,
when combined with the climate
change induced sea level rise
(SLR) and coastal erosion will
undoubtedly
impact
the
population and economy of the
coastal areas.
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• 84 Envisat ASAR
radar scenes in
three tracks were
used.
• The scenes were
selected based on
their temporal and
spatial baseline
(separation) with
one central scene
(termed master
scene).

 Deformation in the Nile Delta is influenced
by both regional natural and local
anthropogenic controls that are at times
superimposed on one another.
 Regional deformation in the study area is
principally controlled by natural phenomena
such as isostatic adjustment and natural
compaction of Holocene sediments (up to
−8.9 mm/yr) depending on the sediment
thickness, age, and composition, yet
anthropogenic factors (e.g., groundwater,
oil and gas extraction) can cause added
local deformation in the region.
 The northern and southern parts of the Nile
Delta are separated by an east-west
trending hinge line and a wide flexural uplift
zone (minimum width: 20–40 km) that
separates the highly subsiding northern
block (maximum rate: −9.8 mm/yr) from the
stable or slightly uplifting (average rate: 0.4
mm/yr) southern delta block.
Figure 7. Land deformation (in mm/yr) for the Nile Delta and surroundings. Negative deformation values
represent subsidence, whereas positive deformation values represent uplift.

Findings (SLR Simulation)
 Sea encroachment simulation model
indicates that by year 2100, 2660 km2 in
the northern delta will be inundated by sea
water and the lives and livelihoods of nearly
5.7 million people will be affected.
 This simulation model was undertaken
using the RCP 2.6 sea level rise projection
model (SLR = 0.44 m by 2100).
 More areas will be submerged in the
central and eastern delta compared to the
western delta due to the high subsidence
rates in those areas.
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Figure 4. The footprint of the tracks and the separation of the
scenes used in space and time.

• The PSI result was
validated using a
permanent GPS
station.

Sea Level Rise Impact Modeling
Figure 1. Concrete walls constructed to
prevent Alexandria City (in Western Nile
Delta) from flooding due to sea level rise.

The impact of sea level rise on

Year

Area Affected (km2)

coastal areas by year 2100 was

2010
2020
2030
2040
2050
2060
2070
2080
2090
2100

0
0
44
97
734
879
1360
1664
1789
2660

assessed by simulating sea

The Study Area

encroachment using:
 Located in
northern
Egypt(Lower
Egypt), where the
Nile River valley
approaches the
Mediterranean
Sea.
 The Nile Delta
shares 240
kilometers of
coastline with the
Mediterranean
Sea.

Figure 2. Location map of the Nile
Delta

Findings (PSI)

1. deformation results from the PSI
analysis

Figure 5. SLR projection models

2. SLR projection models
3. high-resolution TanDEM-X Digital
Elevation Model (DEM)
4. land cover datasets
Figure 8. (a)The projected distribution of inundated areas (light blue colored areas) in the Nile Delta by
year 2100, (b) Social and economic impact of the sea encroachment.

5. population density data

Table 1: The estimated areal extent of the projected
inundated areas in the Nile Delta throughout the investigated
period (2010–2100) using a bathtub model and decadal time
steps.

Figure 6. TanDEM-X DEM

Bathtub Inundation Model

𝑰𝑰𝒏𝒏 = 𝑫𝑫𝑫𝑫𝑫𝑫 + 𝑫𝑫𝒏𝒏 + 𝑨𝑨𝒏𝒏 − (𝑺𝑺𝑺𝑺𝑺𝑺𝒏𝒏 )

𝐷𝐷𝑛𝑛 and 𝐴𝐴𝑛𝑛 represent land deformation and accretion rates in the
investigated number of years (n) respectively, 𝑆𝑆𝑆𝑆𝑆𝑆𝑛𝑛 is the sea level
rise in n number of years, and 𝐼𝐼𝑛𝑛 is an elevation index

Conclusion
 Our findings show that climate change is indeed affecting the lives of many
and unless mitigated, it is bound to have dire consequences.
 The outcome of this research can be used as a guide by policymakers in
their bid to avoid or lessen the impacts of subsidence and sea level rise in
the Nile Delta of Egypt.
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